SUMMARY: A total of 54,673 mosquitoes were collected at 11 sites located near the China-Myanmar border in the western part of Yunnan Province during July and August 2007. There were 29 species in 4 genera identified from the collections, including 12 species of Culex, 12 species of Anopheles, 3 species of Aedes, and 2 species of Armigeres. Culex tritaeniorhynchus Giles (67.9z, 37,119/54,673) and Anopheles sinensis Wiedemann (25.9z, 14, 170/54,673) were the most abundant species in this investigation. Virus was isolated using BHK-21 and C6/36 cells from 22 of 510 mosquito pools. Isolates included Japanese encephalitis virus (JEV) and Getah virus (GETV), which were identified by serological and molecular methods. Twenty JEV strains were isolated from Cx. tritaeniorhynchus (15 isolates), An. sinensis (3 isolates), and Armigeres subalbatus Coquillett (2 isolates), and 2 GETV strains were isolated from Culex pseudovishnui Colless and Cx. tritaeniorhynchus. This study suggests that Ar. subalbatus is a potentially important local vector because of the high JEV infection ratio found in this species. Enzootic JEV transmission persists in this area and therefore, surveillance for human disease caused by JEV and GETV should be conducted in the region.
INTRODUCTION
Yunnan Province, located in southwestern China, shares a 1,997 km border with Myanmar. This border has a long history of being an important trade and tourism area and is becoming a key region as far as geopolitics is concerned. Previous studies have shown the presence of Japanese encephalitis (JE) and dengue in the southern part of Yunnan Province (1) . Surveys have also detected antibodies against JE virus (JEV), dengue virus, Chikungunya virus, Sindbis virus, and Batai virus in human and animal sera collected from the border area (2, 3) . The increase in development and trade along the border has also increased the risk of infectious diseases, particularly those borne by mosquitoes, which occur and thrive in the region due in part to the subtropical climate and abundant rainfall (4, 5) . However, information regarding the mosquitoes associated with these viruses in the western part of Yunnan Province is lacking. In this study, we report a survey of the mosquitoes and associated viruses found in this area during the summer of 2007.
MATERIALS AND METHODS
Field collection methods: During July and August 2007, mosquitoes were collected at 11 different locations in Tengchong (N989 51?, E259 01?), Lianghe (N989 30?, E249 78?), and Longchuan (N979 96?, E249 33?) counties and Ruili City (N979 83?, E249 00?) in Yunnan Province (Fig. 1 ).
Mosquitoes were collected using UV light traps (12 V, 300 mA; Wuhan Lucky Star Environmental Protection Tech Co., Hubei, China) and human landing collections in the vicinity of residential structures, including livestock sheds and pigpens. Collecting was conducted from 21:00 to 06:00 for one night at each site. Human landing collections were conducted from 20:00 to 22:00 for one night. After freezing and sacrifice at -209 C for at least 40 min, female mosquitoes were identified to the species level using morphologic characteristics and subsequently stored in liquid nitrogen. The male mosquitoes were discarded.
Virus isolation and identification: All mosquitoes collected from each site were tested for viruses. The identified mosquitoes were removed from liquid nitrogen, grouped into pools by location and species (Culex tritaeniorhynchus had a maximum of 150 specimens per pool, other mosquito species had less than 100 specimens per pool), immediately homogenized in minimal essential medium, and centrifuged as reported previously (6,7). The supernatant was inoculated into confluent monolayers of BHK-21 and C6/36 cells and incubated at 379 C and 289 C, respectively, in a 5z CO 2 incubator. Specimens were considered to be positive for virus if 
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they showed a cytopathic effect (CPE) in 3 successive cell passages. Antigenic testing and reverse-transcription polymerase chain reaction (RT-PCR) were performed to identify the isolates. Immunofluorescence assay (IFA) of infected cells was performed using the following antibodies: flavivirus group specific, alphavirus group specific, bunyavirus group specific; JEV specific, and Getah virus (GETV) specific. All antibodies were prepared in our laboratory (8, 9) .
Total RNA was extracted from 140 ml of cell culture supernatants using a QIAamp Viral RNA Mini Kit (Qiagen, Valencia, Calif., USA) and first strand cDNA was generated using Ready-To-Go You-Prime FirstStrand Beads (Amersham Pharmacia Biotech, Piscataway, N.J., USA). PCR was employed for molecular identification of flavivirus, E fragments of JEV, alphavirus, and E2 fragments of GETV. The primers used for amplification and sequencing are listed in Table 1 (10-13). Sequencing was performed by the genome institute in Beijing.
The sequences referenced in this study were submitted to GenBank and analyzed using Clustal1.8X and MEGA4 in order to carry out multiple sequence alignment and phylogenetic analyses. Phylogenetic trees were constructed a cladogram using the neighbor-joining algorithm with 500 bootstrap replicates.
Minimum infection rate (MIR):
The MIR (number of Table 2 
Culex tritaeniorhynchus positive pools/total specimens tested ×1,000) was calculated for each mosquito species and virus collected over the duration of the project. The MIR is expressed as the number of positive mosquitoes per 1,000 tested and assumes that a positive pool contains only 1 infected mosquito.
RESULTS
Mosquito collection: A total of 54,673 mosquitoes representing 4 genera and 29 species were collected, including 12 species of Culex, 12 species of Anopheles, 3 species of Aedes, and 2 species of Armigeres. The predominant species were Cx. tritaeniorhynchus (67.9z of the total; 37,119/54,673), and Anopheles sinensis (25.9z; 14,170/54,673). Culex annulus Theobald comprised 1.6z (897/54,673) of the total. None of the other 26 species evaluated comprised more than 1z of the total collected. The pattern of species distribution was similar in all of the areas sampled ( Table 2) .
Virus isolation and identification: A total of 22 pools produced CPE in 3 successive cell culture passages. Most of the isolates, which were subsequently identified as JEV, produced CPE after 72 h to 96 h in both BHK-21 and C6/36 cells, as characterized by cell shrinking and shedding. The other 2 viruses (TC07180 and LH07012, which were subsequently identified as GETV) caused shrinking and shedding 24 h to 48 h post infection in BHK-21 cells and shedding in C6/36 cells 24 h post infection.
IFA results showed that 20 of the isolates were JEV (Table 3) . None of the isolates reacted with bunyavirus specific antibodies. Phylogenetic analyses comparing 1,500 nucleotides from the JEV E gene with several other strains (Table 1) revealed that the 20 strains of JEV belonged to genotype 1 (Fig. 2, Table 4 ). The isolates came from Cx. tritaeniorhynchus (15 strains), An. sinensis (3 strains), and Armigeres subalbatus (2 strains) ( Table 3) .
IFA results also indicated that isolates TC07180 and LH07012 reacted strongly with alphavirus and GETV antibodies. For these 2 isolates, 1,400 nucleoties of the GETV E2 gene were obtained. When compared with several other GETV isolates, phylogenetic analyses of the nucleotides from the GETV E2 gene (Table 5) showed that the 2 strains of newly isolated GETV were closely related to YN0542 and YN0540, which were obtained in China in 2005 (Fig. 3, Table 5 ). The 2 isolates came from Culex pseudovishnui and Cx. tritaeniorhynchus (Table 3) .
MIR: The MIR of JEV in Cx. tritaeniorhynchus, An. sinensis, and Ar. subalbatus was 0.40/1,000, 0.21/1,000, and 5.08/1,000, respectively. The MIR of GETV in Cx. tritaeniorhynchus and Cx. pseudovishnui was 0.03/1,000 and 3.44/1,000, respectively (Table 6 ).
DISCUSSION
Previous surveys on mosquitoes in the southern part of Yunnan Province have shown that Cx. tritaeniorhynchus, An. sinensis, and Cx. pseudovishnui are the primary species found in association with human habitats and livestock pens across the region (14) . These mosquitoes feed primarily at night and predominantly on humans, pigs, cattle, and other livestock (14, 15) . The results of the current study, in which 67.9z of the mosquitoes collected were Cx. tritaeniorhynchus and 25.9z were An. sinensis, are mostly consistent with the previous observations. However, in our collections, Cx. pseudovishnui accounted for less than 1z of the total.
Of the 20 JEV isolates, 15 were recovered from pools of Cx. tritaeniorhynchus, which was expected given that this species has long been recognized as the primary vector of JEV in this region (14, 15) . Our observations ex- species (15) . JEV has also been isolated from Ar. subalbatus in Taiwan, in a study that also verified the competence of this species to serve as a JE vector (16) . Our observation represents the first isolation of JEV from Ar. subulbatus in southern Yunnan Province, China. This area is characterized by abundant rainfall and perennial rice planting. These conditions provide a suitable habitat for mosquito breeding. In addition, nearly every family resides near their paddy fields and keeps livestock, such as pigs and cattle, close to their lodging. We found a relatively high abundance of JEV-infected Cx. tritaeniorhynchus, which is not unexpected in this area. We also noted the presence of a high JEV infection rate in Ar. subalbatus, suggesting that it may play a role in local JEV transmission. Economic development, an increasing acreage of irrigated rice, and extensive pig rearing have combined to create a serious threat to public health. GETV was first isolated from Culex mosquitoes collected in Malaysia and is widely distributed in Southeast and East Asia. It can cause disease in livestock but there are no reports indicating that GETV is associated with human diseases (17) (18) (19) (20) . GETV has been isolated from mosquitoes collected in the southern, northern, southwestern, and northwestern parts of China in recent years, demonstrating that the virus is widespread in China (4, 13, 21, 22) . In 2005, GETV was isolated from An. sinensis and Ar. subalbatus collected from the northwestern part of Yunnan Province (4,13). In the current investigation, GETV was isolated from Cx. tritaeniorhynchus and Cx. pseudovishnui, suggesting that these species may play a role in transmitting GETV in the western part of Yunnan Province.
In summary, this is the first study to report results from mosquito collections and arbovirus assays conducted in the China-Myanmar border areas of Yunnan Province. The results indicate that important vector spe-221 221 cies such as Cx. tritaeniorhynchus are common across the area, and that JEV is frequently found in these mosquitoes. The isolation of GETV in human-biting mosquitoes suggests that Cx. tritaeniorhynchus may be transmitting this virus to humans in the region.
